, and glucose). One hundred eighty six groups of QC data were analyzed with capability index (Cp=total allowable error (TEa)/3 standard deviation (SD)) and capability index considering bias (Cpk,=(TEa-bias)/3 SD). Acceptability was evaluated with criteria of 1.33 Cpk, 4 sigma level or quality criteria of the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88).
Background : Bayer Rapidpoint 400 analyzer for point of care testing (POCT) uses fixed quality control (QC) range even when the lot number of a cartridge for quality control changes. To evaluate the fixed QC range recommended by the manufacturer, we analyzed internal QC data of 9 analyzers with Six Sigma metrics.
Materials and Methods : We investigated QC data of 9 analyzers over 5 months from May to September, 2004 for 8 parameters (pH, pCO2, pO2, Na , and glucose). One hundred eighty six groups of QC data were analyzed with capability index (Cp=total allowable error (TEa)/3 standard deviation (SD)) and capability index considering bias (Cpk,=(TEa-bias)/3 SD). Acceptability was evaluated with criteria of 1.33 Cpk, 4 sigma level or quality criteria of the Clinical Laboratory Improvement Amendments of 1988 (CLIA '88).
Results : In 80.7% (150 of 186 groups), both Cp and Cpk were at or above 1.33, which indicated that the use of fixed QC range was adequate. In 19.3% (36 of 186 groups), Cpk was below 1.33,and quality control (QC) [1] [2] [3] [4] . Recently developed blood gas and electrolyte analyzers for POCT use a cartridge for QC and do internal QC procedures automatically. Furthermore, internal quality control data generated by POCT analyzers are transmitted online to servers in the central laboratory where the data can be checked and analyzed.
As it is very difficult to change or adjust mean and standard deviation in a POCT analyzer whenever the lot number of a cartridge for QC changes, Bayer Rapidpoint 400 POCT analyzers use a fixed QC range rather than establishing a new allowable range at the time of lot number change [5] .
To evaluate the fixed QC range recommended by the manufacturer, authors investigated QC data of 9 Rapidpoint 400 analyzers over 5 months in various departments of Asan Medical Center (AMC) using Six Sigma metrics, which is an evolution in quality management that is being widely implemented in business and industry in the new millennium, is being adopted as the universal measure of quality to be applied to their processes, and also provides a more quantitative framework for evaluating process performance and more objective evidence for process improvement [6] .
MATERIALS AMD METHODS
We analyzed internal QC data automatically generated every 8 hr by 9 Rapidpoint 400 analyzers in various departments of Asan Medical Center: neonatal intensive care unit (NICU), pediatric intensive care unit (PICU), cardiac surgery intensive care unit (CSICU), emergency room (ER), internal medicine intensive care unit (MICU) and four operating rooms (C4, F4, OR and ORF) over 5 months from May to September 2004. Three levels of QC materials were used. pH, pCO2, and pO2 were carried out in all 9 analyzers and 27 groups (9 analyzers×3 levels) of QC data were analyzed; Na + , K + , Ca ++ in 8 analyzers and 24 groups (8 analyzers×3 levels); Cl -in 7 analyzers and 21 groups (7 analyzers×3 levels); and glucose in 4 analyzers and 12 groups (4 analyzers×3 levels). Altogether, we analyzed 186 groups of QC data. These QC data were analyzed with the Six Sigma metrics such as capability index (Cp, total allowable error (TEa)/3 standard deviation (SD) and capability index considering bias (Cpk, (TEa-bias)/3 SD) [7] .
Acceptability of fixed QC range was evaluated with criteria of 1.33 C p, 4 sigma level or quality criteria of the Clinical Laboratory Improvement Amendments of 1988
(CLIA ' 88) [8] . (Table 1) The CV results of QC material level I, II, and III for 8 parameters are listed in Table 1 .
RESULTS

Total coefficient of variation (CV)
Evaluation of acceptability of fixed QC range
( 4.8% (9 of 186 groups) Unacceptable by systematic error pCO2-level 2-PICU, pCO2-level 2-CSICU pO2-level 3-NICU, pO2-level 3-PICU, pO2-level 3-CSICU Cl-level 1-ORF, Cl-level 1-C4, Na-level 2-CSICU, Na-level 3-F4 Cp < 1.33 14.5% (27 of 186 groups) Unacceptable by random error with or without systematic error Glucose-level 3-C4, ORF pCO2-level 1-MICU, CSICU, C4, NICU, ER, OR, PICU, F4 pCO2-level 2-NICU, C4, OR pCO2-level 3-MICU, ORF, OR Cl-level 1-OR Na-level 1-PICU Na-level 2-PICU, OR, ER Na-level 3-CSICU, OR, PICU, NICU, C4, ER Table 3 . Acceptability of fixed QC range 
DISCUSSION
As arterial blood gas and electrolyte test results affect greatly the prognosis and the treatment of patients, a strict and efficient QCan of POCT arterial blood gas and electrolyte tests is absolutely essential [1, 2] .
According to the established QC principles and guidelines of CAP laboratory accreditation, each laboratory should set or establish an allowable range of limit of each lot of QC material in house. But Bayer Rapidpoint 400 POCT analyzers use cartridges for QC and reagents, which makes it impossible to set a new allowable range when there is a change in the lot number. Even if there are lot changes in QC materials, they use fixed quality control range [5] .
Authors analyzed internal QC data generated by 9 Rapidpoint 400 analyzers over 5 months from May to In conclusion, we may use a fixed QC range for Rapidpoint 400 blood gas analyzer for more than 80% of QC materials, but the remaining ones require more strict mai- 
